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1 . TITLE OF THE INVENTION 



Spread Spectrum Communication Equipment 
[Abstract] 

[Problem to Be Solved] 

To reduce the power consumption of transmitters. 
[Solution] 

A signal on each circuit line, after being incorporated 
into a transmission frame format, to which various types 
of control information is added by a frame format circuit 
101, is spread by a spreading circuit 102 using a 
spreading code assigned to each line. The signals output 
by the spreading circuits 102 are grouped into one system 
by an adder 103, band-limited by a band-limit filter 104, 
converted into an analog signal by a D/A converter 105, 
frequency-converted to a signal of the carrier band 
frequency by a mixer 106, amplified by a power amplifier 
108, and transmitted from an antenna 109. The band-limit 
filter 104 receives information on the number of circuits 
that are currently multiplexed and provides band- 
limitation through filtering with taps of the number that 
is necessary and sufficient for the number of multiplexed 
circuit lines, thereby achieving a reduction in the power 
consumption by the band-limit filter 104. 

2. WHAT IS CLAIMED IS: 

[Claim 1] 

A spread spectrum communication system wherein the direct 
sequence method is used as a transmission method for 
digital signals, wherein the system has a band-limit 
filter in the stage before the transmission power 
amplifier, and wherein the computational precision of the 
band-limit filter is allowed to vary according to either 
interference between code division multiplexed signals or 
the magnitude of external noise. 
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[Claim 2] 

The spread spectrum communication system of Claim 1; 
wherein, when the interference level is high and 
deterioration in quality due to waveform distortion is not 
tolerated, the band-limit filter operates with a large 
number of taps so that band-limit characteristics with a 
small waveform distortion and a sharp peak can be 
obtained, and when the interference level is low and 
quality deterioration due to waveform distortion can be 
tolerated to some extent, the band-limit filter operates 
with a small number of taps, so that priority is given to 
the band-limit characteristics. 

[Claim 3] 

A spread spectrum communication system wherein the direct 
sequence method is used as a digital signal transmission 
method; wherein the system has a band-limit filter in the 
stage before the transmission power amplifier; wherein the 
base station receiver comprises a means for measuring 
interference levels from received signals on the channels, 
and a means for reporting information on measured 
interference levels to the mobile station; wherein the 
mobile station is provided with a means of acquiring the 
interference level information that is reported by the 
base station; and wherein the computational precision of 
the band-limit filter for the mobile station transmitter 
is determined using the interference level information 
that is acquired. 

[Claim 4] 

A spread spectrum communication system; wherein the 
receiver is provided with a means for measuring 
interference levels on received channels; and wherein the 
computational precision of the reception filter on the 
receiver is allowed to vary based on the interference 
level information that is measured. 

[Claim 5] 
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The spread spectrum communication system of Claim 4; 
wherein, when the interference level is high and 
deterioration in quality due to waveform distortion is not 
tolerated, the receiver operates a filter with a large 
number of taps so that band-limit characteristics with a 
small waveform distortion and a sharp peak can be 
obtained, and when the interference level is low and 
quality deterioration due to waveform distortion can be 
tolerated to some extent, the receiver operates a filter 
with a small number of taps, so that priority is given to 
the band-limit characteristics. 

3. DETAILED DESCRIPTION OF THE INVENTION 

[0001] 

[Field of Technology] 

This invention is directed at a spread spectrum 
communication system that is used in wireless digital 
communications, such as in automobile telephones and 
cellular phones. 

[0002] 
[Prior Art] 

Fig. 6 shows the configuration of the transmitter in a 
conventional spread spectrum communication system, wherein 
Reference Number 601 denotes a frame format circuit; 602, 
a spreading circuit; 603, a band-limit filter; 604, a D/A 
converter; 605, a double-balanced mixer; 606, a carrier 
wave generator; 607, a power amplifier; and 608, a 
transmission antenna. Data for transmission is 
incorporated by the frame format circuit 601 into the 
transmission frame format to which various types of 
control information is added, and then it is multiplied by 
a spreading code by the spreading circuit 602. The spread 
transmission data is converted into an analog signal by 
the D/A converter 604, modulated by the signal in the 
carrier wave band from the carrier wave generator 60 6, 
amplified by the power amplifier 608, and transmitted from 
the antenna 608. 
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[0003] . 

[Problems to Be Solved by the Invention] 
In the conventional transmitter as described above, 
however, the computational precision of the band-limit 
filter 603 is fixed. Therefore, when there are only a 
small number of multiplexed channels or users who 
communicate concurrently and the interference power is 
small, and the system load is light and the required 
degree of precision against the waveform distortion 
produced at the band-limit filter is relatively low, more 
than the required level of computational precision may be 
ensured in the band-limit filter, with the problem that a 
sufficient power consumption reduction effect cannot be 
obtained . 

[0004] 

The present invention is designed to solve the type of 
problem inherent in the prior art as described above; as 
such, an objective of the present invention is to provide 
a superior spread spectrum communication system with low 
power consumption. 

[0005] 

[ Solution] 

In order to solve the problem described above, the spread 
spectrum communication system of the present invention 
reduces the power consumption by the transmitter by 
optimally adjusting the computational precision of the 
band-limit filter in the transmitter, according to the 
degree of interference power that is present, to the level 
at which the desired level of communication quality is 
obtained with the lowest power consumption. Specifically, 
when the interference power is large and deterioration in 
quality due to waveform distortion is not tolerated, a 
filter with a large number of taps is operated so that 
band-limit characteristics with small waveform distortion 
and a sharp peak can be obtained, and when the 
interference power is small and quality deterioration due 
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to waveform distortion can be tolerated to some extent, a 
filter with a small number of taps is used so that 
priority is given to the band-limit characteristics, thus 
achieving a reduction in power consumption. This approach 
permits the implementation of a superior spread spectrum 
communication system with low power consumption. 

[0006] (skipped 0006 through 0010) 
[Modes of Embodiments of the Present Invention] 
The invention described in Claim 1 consists of the 
following: The direct sequence method is used as a 
transmission method for digital signals, wherein the 
system has a band-limit filter in the stage before the 
transmission power amplifier, and wherein the 
computational precision of the band-limit filter is 
allowed to vary according to either interference between 
code division multiplexed signals or the magnitude of 
external noise. The invention provides the advantage of 
reducing the power consumption of the spread spectrum 
communication system by reducing the computational 
precision of the band-limit filter to an extent of 
tolerable waveform distortions. Specifically, when the 
interference level is high and deterioration in quality 
due to waveform distortions cannot be tolerated, a filter 
with a large number of taps is operated so that band-limit 
characteristics with a small waveform distortion and a 
sharp peak can be obtained, and when the interference 
level is low and some deterioration in quality due to 
waveform distortion is tolerated, a filter with a smaller 
number of taps is used in order to give priority to band- 
limit characteristics and to achieve a reduction in power 
consumption . 

[0007] 

The invention described in Claim 2 is characterized in 
that when the interference level is high and deterioration 
in quality due to waveform distortion is not tolerated, 
the band-limit filter operates a filter with a large 
number of taps so that band-limit characteristics with a 
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small waveform distortion and a sharp peak can be 
obtained, and when the interference level is low and 
quality deterioration due to waveform distortion can be 
tolerated to some extent, the band-limit filter uses a 
filter with a small number of taps, so that priority is 
given to the band-limit characteristics. Thus, the 
present invention offers the advantage of being able to 
accurately set the computational precision of the band- 
limit filter based on interference level information. 

[0008] 

The invention described in Claim 3 consists of the 
following: The direct sequence method is used as a 
transmission method for digital signals, wherein the 
system has a band-limit filter in the stage before the 
transmission power amplifier, and wherein the base station 
receiver is equipped with means for measuring interference 
levels from reception signals on channels and means for 
transmitting measured interference level information to 
the mobile station, and the mobile station is equipped 
with means for obtaining the interference level 
information that is transmitted from the base station, 
such that the computational precision of the band-limit 
filter for the mobile station transmitter is determined by 
using the acquired interference level information, with 
the result that the computational precision can be set 
accurately through the closed- loop control of the 
computational precision of the band-limit filter. 

[0009] 

The information described in Claim 4 is characterized in 
that the receiver is provided with means for measuring 
interference levels on receiving channels; and that the 
computational precision of the reception filter on the 
receiver is allowed to vary using the interference level 
information that is measured; such that when the 
interference power level is low, the computational 
precision of the reception filter is reduced to an extent 
of tolerable waveform distortions, thereby reducing the 
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power consumption of the spread spectrum communication 
system . 

[0010] 

In addition, the invention described in Claim 5 is 
characterized in that when the interference level is high 
and deterioration in quality due to waveform distortion is 
not tolerated, the receiver operates a filter with a large 
number of taps so that band-limit characteristics with a 
small waveform distortion and a sharp peak can be 
obtained, and when the interference level is low and 
quality deterioration due to waveform distortion can be 
tolerated to some extent, the receiver uses a filter with 
a small number of taps, so that priority is given to the 
band-limit characteristics. Thus, the present invention 
offers the advantage of being able to accurately set the 
computational precision of the reception filter based on 
interference level information. 

[0011] 

The following is a description of modes of embodiments of 
the present invention with references to drawings. 

[0012] 

(Embodiment Mode 1) Fig. 1 shows the configuration of a 
base station transmitter for cellular phones as a spread 
spectrum communication system in Embodiment Mode 1 of the 
present invention. In Fig 1, Reference Number 101 denotes 
a frame format circuit; 102, a spreading circuit; 103, an 
adder; 104, a band-limit filter; 105, a D/A converter; 
106, a double-balanced mixer; 107, a carrier wave 
generator; 108, a power amplifier; 109, a transmission 
antenna; and 110, a controller. 

[0013] 

Fig. 2 shows the configuration of the band-limit filter 
104. The band-limit filter 104 is a digital transversal 
filter and it is comprised of: a data shift register 201, 
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a multiplier 202, a tap coefficient register 203, an adder 
204, and a switch 205. 

[0014] 

A description of the operation of the base station 
transmitter thus comprised follows. In Fig. 1, the signal 
on each line, after being incorporated into a transmission 
frame format that is provided with various types of 
control information by the frame format circuit 101, is 
spread by spreading codes that are assigned to the 
respective circuits by the spreading circuit 102. The 
outputs from the spreading circuits 102 for the various 
circuits are grouped into one system by the adder 103 and 
are transmitted to the band-limit filter 104. The band- 
limit filter 104 receives information on the number of 
currently multiplexed lines from the controller 110, and 
provides band-limitation using a filter with the necessary 
and sufficient number of taps according to the number of 
multiplexed lines. The band-limited multiplex signals are 
converted into analog signals by the D/A converter 105, 
modulated by modulation signals of the carrier wave band 
from the carrier wave generator 107 by the mixer 10 6, 
amplified by the power amplifier 108, and transmitted from 
the antenna 109. 

[0015] 

The following is a description of the operation of the 
band-limit filter 104 with reference to Fig. 2. The band- 
limit filter 104 is a digital transversal filter with M 
taps that delivers waveform distortion characteristics 
that ensure an adequate transmission quality for the 
maximum number of circuits that is expected to come into 
use. When the number of multiplexed circuits is large, 
the switch 205 is closed, and the data shift register 201, 
the multiplier 202, the tap coefficient register 203, and 
the adder 204 are all used so that the band-limit filter 
operates as a filter with a large number of taps with 
little waveform distortion. Similarly, when the number of 
multiplexed circuits is small and waveform distortion can 
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be tolerated to some extent, the switch 205 located half- 
way to the data shift register 201 is opened, and the 
value of the tap coefficient register 203 is changed to a 
value that delivers the desired band- 1 imi ting effect with 
a smaller number of taps. Setting the value of the tap 
coefficient register 203 located beyond the switch 205 
reduces the number of elements that actually operate, and 
thus achieves a reduction in power consumption. Although 
the waveform distortion increases in this case, in most 
cellular phone systems, it is not necessary to achieve a 
transmission quality higher than required by system design 
values, and in this manner priority is given to a 
reduction in power consumption. 

[0016] 

In the above Embodiment Mode 1, it would be easy to set up 
a number of taps that can be switched over that is greater 
than two taps, by providing switches 205 in a plurality of 
positions in the data shift registers. Although this 
embodiment mode is an exciiiiple of a cellular phone base 
station, the high-speed data transmission requires the use 
of multiple spreading codes at mobile stations on a 
multiplexing basis, in which case the transmitter for the 
mobile unit would be configured in the same manner as this 
Embodiment . 

[0017] 

As described above, according to Embodiment Mode 1, a 
band-limit filter 104 is provided that can vary the 
computational precision according to the magnitude of 
interference power in the front stage of the transmission 
power amplifier 108, thus reducing the number of elements 
that actually operate, thereby achieving a reduction in 
power consumption. 

[0018] 

(Embodiment Mode 2) Fig. 3 shows the configuration of a 
base station cellular phone as a spread spectrum 
communication system in Embodiment Mode 2 of the present 
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invention. In Fig 3, Reference Number 301 denotes a frame 
format circuit; 302, a spreading circuit; 303, an adder ; 
304, a band-limit filter; 305, a D/A converter; 306, a 
mixer; 3 07, a carrier wave generator; 3 08, a power 
amplifier; 309, an antenna-sharing device; 310, an 
antenna; 311, a low-noise amplifier; 312, a carrier wave 
generator; 313, a mixer; 314, an AD converter circuit; 
315, a reception filter; 316, a distribution circuit; 317, 
a despreading circuit; 318, an interference measurement 
circuit; and 319, a frame decomposition circuit. 

[0019] 

Fig. 4 shows the configuration of a mobile station in this 
Embodiment Mode. In Fig 4, Reference Number 401 denotes a 
frame format circuit; 402, a spreading circuit; 403, a 
band-limit filter; 404, a D/A converter; 405, a mixer; 
406, a carrier wave generator; 407, a power amplifier; 
408, an antenna-sharing device; 409, an antenna; 410, a 
low-noise amplifier; 411, a carrier wave generator; 412, a 
mixer; 413, an AD converter circuit; 414, a reception 
filter; 415, a despreading circuit; and 416, a frame 
decomposition circuit. 

[0020] 

The following is a description of the operation of the 
spectrum-spread cellular phone that is constituted as 
indicated above. First, we describe the reception 
operation at the base station with reference to Fig. 3. 
The received signals, captured by the antenna 310, are 
amplified from the antenna-sharing device 309 by the low- 
noise amplifier 311; they are converted to a base-band 
signal by a signal from the carrier wave generator 312 by 
the mixer 313, converted into a digital signal by the AD 
converter circuit 314, shaped by the reception filter 315, 
and distributed by the distribution circuit 316 into the 
despreading circuit 317 and the interference measurement 
circuit 318 on each of the circuits. The signals that are 
input into the despreading circuit 317 are demodulated on 
a circuit-by-circuit basis, and decomposed into reception 
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data and various types of control information by the frame 
decomposition circuit 319. Separately from the data 
demodulation process, the interference level on each 
circuit is measured in the interference measurement 
circuit 318, and the interference level information thus 
measured is appended to the transmission data on a 
circuit-by-circuit basis in the frame format circuit 301, 
and transmitted to the mobile station. 

[0021] 

Next, we describe the transmission operation at the base 
station. Transmission data for a given circuit is added 
to the various types of control information in the frame 
format circuit 3 01 and is incorporated into the 
transmission frame format that is provided with the 
interference level information measured by the 
interference measurement circuit 318, and then it is 
spread by the spreading codes that are assigned to that 
circuit. The outputs from the spreading circuit 302 for 
the various circuits are grouped into a single system by 
the adder 303 and transmitted to the band-limit filter 
304. The multiplexed signals that are band-limited are 
converted into analog signals by the D/A converter 305, 
modulated by the mixer 3 06 using modulation signals of the 
carrier wave band from the carrier wave generator 3 07, 
amplified by the power amplifier 308, and transmitted from 
the antenna 310 through the antenna-sharing device 309. 

[0022} 

Next, we describe the reception operation at the mobile 
station. In Fig. 4, the reception signals captured by the 
antenna 409 are amplified from the antenna-sharing device 
408 by the low-noise amplifier 410, converted into signals 
ofthe base-band by the mixer 412 using signals from the 
carrier wave generator 411, converted into digital signals 
by the AD converter circuit 413, shaped by the reception 
filter 414, demodulated by the despreading circuit 415, 
and decomposed by the frame decomposition circuit 416 into 
transmission data, various types of control information, 
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and interference level information that was measured by 
the receiver for the base station. 

[0023] 

Next, we describe the transmission operation at the mobile 
station. The transmission data is incorporated into the 
transmission frame format that is provided with various 
types of control information by the frame format circuit 
401, is spread by the spreading circuit 402 using the 
spreading code assigned to the mobile station, and 
transmitted to the band-limit filter 403. The multiplexed 
signals that are band-limited are converted into analog 
signals by the D/A converter 404, modulated by the mixer 
42 5 using modulation signals of the carrier wave band from 
the carrier wave generator 407, amplified by the power 
amplifier 407, and transmitted from the antenna 409 
through the antenna-sharing device 408. During this 
process, the computational precision at the band-limit 
filter 403 is controlled by the interference level 
information that is transmitted from the base station. 

[0024] 

As described above, according to this Embodiment Mode 2, 
the base station is equipped with the interference 
measurement circuit 318 that measures interference levels 
and the frame format circuit 3 01 that appends the measured 
interference level information to the transmission data so 
that the information can be sent to the mobile station, 
such that the mobile station uses the frame decomposition 
circuit 416 that obtains the interference level 
information that is transmitted from the base station and 
uses the interference level information thus obtained to 
determine the computational precision of the band-limit 
filter 403 for the mobile station transmitter. In this 
manner, the computational precision of the band-limit 
filter 403 can be controlled on a closed-loop basis so 
that the computational precision of the band-limit filter 
403 for the mobile station transmitter can be set 
correctly . 
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[0025] 

(Embodiment Mode 3) Fig. 5 shows the configuration of a 
mobile station receiver for a cellular phone as a spread 
spectrum communication system in Embodiment Mode 3 of the 
present invention. In Fig 5, Reference Number 501 denotes 
an antenna; 502, a low-noise amplifier; 503, a mixer; 504, 
a carrier wave generator; 505, an AD converter circuit; 
507, a despreading circuit; 508, a frame decomposition 
circuit; and 509, an interference measurement circuit. The 
reception filter 506 is configured in the same manner as 
Fig. 2. 

[0026] 

We now describe the operation of the mobile station 
receiver thus configured. In Fig. 5, the reception 
signals captured by the antenna 501 are amplified by the 
low-noise amplifier 502, converted into signals of the 
base-band by the mixer 503 using signals from the carrier 
wave generator 504, converted into digital signals by the 
AD converter circuit 505, shaped by the reception filter 
506, and input into the despreading circuit 507 and 
interference measurement circuit 509. The signals that 
are input into the despreading circuit 507 are demodulated 
using the reverse operation of the spreading process, and 
decomposed by the frame decomposition circuit 508 into 
reception data and various types of control information. 
Separately from the data demodulation process, the 
interference measurement circuit 509 measures the 
interference level on the receiving channels, and the 
computational precision of the reception filter 506 is 
allowed to vary based on the interference level 
information thus measured. Specifically, when the 
interference level is high, the reception filter is 
operated as a low waveform distortion filter with a large 
number of taps, and when the interference level is low and 
some waveform distortion can be tolerated, the value of 
the tap coefficient register is modified to a value that 
achieves the desired band-limiting effect with a small 
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number of taps. In addition, only some of the taps are 
operated in order to reduce power consumption by the 
reception filter. 

[0027] 

As described above, according to this Embodiment Mode 3, a 
reception filter 506 is provided that can vary the 
computational precision of the magnitude of the 
interference level, thereby reducing the number of 
elements that actually operate in order to achieve a 
reduction in power consumption by the mobile station 
receiver. It should be noted that although this mode of 
embodiment is in reference to an example cellular phone 
mobile station, the receiver for a mobile station can also 
be implemented in the same manner as this mode of 
embodiment . 

[0028] 

[Effects of the Invention] 

As described above, the present invention employs the 
direct spread method as a digital signal transmission 
method; as such, the present invention provides a band- 
limit filter in a stage before the transmission power 
amplifier, wherein the computational precision of the 
band-limit filter is allowed to vary according to the 
magnitude of interference between code-division 
multiplexed signals or the magnitude of external noise, 
and offers the advantage of reducing power consumption in 
the spread spectrum communication system by reducing the 
computational precision of the band-limit filter to the 
extent of tolerable waveform distortions. 

[0029] 

Also, the present invention employs the direct spread 
method as a digital signal transmission method; as such, 
the present invention provides a band-limit filter in a 
stage before the transmission power amplifier, such that 
the base station receiver is equipped with means for 
measuring interference levels on the various channels and 
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means for sending measured interference level information 
to the mobile station, and the mobile station is equipped 
with means for obtaining the interference level 
information that is transmitted from the base station, 
wherein the computational precision of the band-limit 
filter for the mobile station transmitter is determined 
using the interference level information thus obtained. 
In this manner, the computational precision of the band- 
limit filter can be controlled on closed-loop basis, and 
as such the present invention offers the advantage of 
being able to accurately set computational precision. 

[0030] 

Also, the present invention is characterized in that the 
receiver measures interference levels on receiving 
channels, and offers the advantage of achieving a 
reduction in power consumption in the spread spectrum 
communication system by reducing the computational 
precision of the reception filter to an extent of 
tolerable waveform distortions when the magnitude of 
interfering power is small. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

[Fig. 1] Schematic block diagram of the cellular phone 
base station system in Embodiment Mode 1 of the present 
invention . 

[Fig. 2] Schematic block diagram of the band-limit filter 
in Embodiment Mode 1 of the present invention. 
[Fig. 3] Schematic block diagram of the cellular phone 
base station system in Embodiment Mode 2 of the present 
invention . 

[Fig. 4] Schematic block diagram of the cellular phone 
mobile station system in Embodiment Mode 2 of the present 
invention . 

[Fig. 5] Schematic block diagram of the cellular phone 
mobile station system in Embodiment Mode 3 of the present 
invention . 
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[Fig. 6] Schematic block diagram of the conventional 
cellular phone mobile station system. 
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